Background: The decision to prescribe antibiotics and the selection of an appropriate antibiotic are important in the treatment of infectious diseases. As any human decision, it can be influenced by individual attitudes and perceptions. Objectives: To assess the attitudes and perceptions of healthcare providers regarding antibiotic prescribing and the use of laboratory results in infection diagnosis. Methods: A cross sectional survey in five selected Health Service Areas (HSAs) in the Southern Africa country of Lesotho. The questionnaires were self-administered to 67 healthcare providers in public health institutions within the selected HSAs. Data were analyzed using Fisher's exact test or the McNemar Test for dependent proportions. Results: 51 surveys were returned (39 medical doctors, 12 nurses). Respondents typically practiced in urban settings, worked with both inpatients and outpatients, had over 10 years experience, and attended to at least 26 patients per day. We identify several inappropriate practices related to the use of on-site microbiology laboratories. For example, only 17% always send a sample for microscopic identification prior to prescribing antibiotics and only 32% always send a sample for culture sensitivity tests. Delays in obtaining laboratory results and high patient workloads were cited as reasons for under-utilization of laboratory facilities. Nearly all respondents recognize the need for guidelines and further training in antibiotic prescribing. Conclusions: Healthcare providers demonstrated attitudes and perceptions in antibiotic prescribing or use of laboratory derived information in infection diagnosis that could have negative impacts on antibiotic prescribing.
Introduction
Antimicrobial overuse, misuse and even under use are elements of inappropriate prescribing and are key drivers of the development bacterial pathogen resistance 1, 2, 3 . Antibiotic resistance was first identified shortly after widespread introduction of the drugs during World War II 4, 5 . In respiratory tract infections, for example, inappropriate prescribing of antibiotics contributes to the development of drug resistance of the most common bacterial pathogens causing the infection 2 . Antibiotic-resistant microbes are common in Africa, and many studies of antibiotic resistance have been conducted in Lesotho's neighbor South Africa (reviewed in Crowther-Gibson, et al. 6 ). Most healthcare providers are aware of the consequences of inappropriate prescribing and use of antibiotics 3 , and stewardship programs can successfully combat the misapplication of antibiotics 7, 8 . Nevertheless, healthcare providers continue to prescribe antibiotics inappropriately, creating a problem that needs urgent attention.
A number of studies attribute inappropriate prescribing to factors related to health care providers' attitudes and perceptions of antibiotic prescribing. These factors include, for example: patients' expectations of antibiotic treatments having effect on physicians' prescribing behavior; healthcare providers' decision to prescribe antibiotics to be on the safer side when there is diagnostic uncertainty; lack of healthcare providers' knowledge regarding optimal diagnostic approaches; insufficient training of healthcare providers in infectious diseases and antibiotic treatment; and difficulty of selecting antiinfective drugs considered most appropriate in the empiric treatment of infections 3, 9, 10 . These factors may not, however, answer all questions pertaining to causes of inappropriate antibiotic prescribing since prescribing patterns differ in different clinical environments.
To be appropriately used with good chances of effectiveness, antibiotics need to be prescribed against infections of pathogens for which they are indicated 1, 10 . As a fundamental principle in the judicious prescribing of antibiotics, bacterial aetiologies of infections need to be established prior to antibiotic prescribing. This can be challenging in situations where presenting signs and symptoms of the diagnosed case may not indicate the presence of bacterial pathogens as absolute aetiologies of the infection. However, it is possible to accurately diagnose bacterial causes of infections if proper diagnostic workups are carried out. Such workups ordinarily include physical examinations and considerations of additional predictors of bacterial infections, e.g., illness lasting for seven or more days in the case acute rhinosinusitis and acute bronchitis may have to be supported by laboratory investigations 11 . Healthcare providers' attitudes and perceptions towards the use of antibiotics in treating a presenting clinical condition influence whether they prescribe antibiotics or use laboratory derived information in identifying causative agents of infections. In events where such decisions are taken for the wrong reasons, the drugs are more likely to be prescribed inappropriately. This said, it is evident that investigating the extent to which health care provider attitudes affect decision making in antibiotic prescribing or the use of laboratory provided information in infection diagnosis would provide a valuable means of identifying fundamental causes of inappropriate prescribing. In many developing countries, unavailability of functional clinical microbiology laboratories or inefficiencies in the use of such facilities limit the use of laboratory provided information in infection diagnosis and appropriate selection of antibiotics 12 . Functional microbiology laboratories are available in all public hospitals in Lesotho. Therefore, the inefficient use rather than the unavailability of the facilities in the country's hospitals is more important in the non-use of laboratory provided information in infection diagnosis and treatment.
In Lesotho, antibiotics are prescribed by both doctors and nurses mostly in the empiric treatment of infections. In the absence of antibiograms and comprehensive antibiotic prescribing guidelines, decisions to prescribe antibiotics are based solely on opinions of healthcare providers. The researchers' search of the literature revealed no records of studies investigating factors that affect decisions of healthcare providers to prescribe antibiotics in Lesotho. It is therefore relevant to conduct this study in this southern African state for purposes of providing baseline information in formulating policies on appropriate prescribing of antibiotics.
The objective of the study was to assess attitudes and perceptions of healthcare providers in selected public health institutions in Lesotho regarding antibiotic prescribing and the use of laboratory provided information in infection diagnosis and the selection of antibiotics.
Methods
A cross-sectional study was conducted in June-July 2009 at five Health Services Areas (HSAs) in the southern African state of Lesotho. Study site selection was done on the basis of bed sizes and ownership of hospitals serving HSAs. Total bed capacities of hospitals within the five selected HSAs constituted nearly 50% of the total bed capacity of all hospitals in the country.
All doctors and primary healthcare nurses who prescribe antibiotics and also practice in public health institutions within HSAs were considered eligible for participation in the study. Of a total of 74 eligible health care providers identified, 67 agreed to participate and 51 returned the survey. The questionnaires were distributed directly to the respondents by the principal researcher. Completed questionnaires were collected from respondents either directly or from pre-arranged points where they were returned. The questionnaire was semi-structured with mainly close-ended questions and a few open-ended questions. The order of questions largely followed the pattern provided by Aldrigde and Levine 13 , but the content was developed specifically for this study.
The survey was piloted in one hospital and one HSA in Lesotho with more than 10 medical doctors and nurses who prescribe antibiotics. The questionnaire was altered based on suggestions prior to full administration. Survey items asked the following: i) demographic data of respondents; ii) degrees to which patient and healthcare provider related factors influence care providers' decisions to prescribe antibiotics; iii) healthcare provider habits in prescribing antibiotics in outpatient and inpatient settings; iv) attitudes and perceptions of healthcare providers towards the use of laboratory generated information on characteristics of bacterial pathogens in infection diagnosis; v) opinions regarding the need for guidelines and further training in antibiotic prescribing.
Statistical analysis
Proportions were used to summarize the baseline characteristics of the respondents as data consist of categorical variables. In addition, associations between respondents' baseline characteristics and their attitudes and perceptions in infection diagnosis and antibiotic prescribing were summarized using contingency tables. Most survey items had three or more categories, and we dichotomized the categories as the strongest response (e.g. Always) vs. all others (e.g. Sometimes + Not at all) so that they could be analyzed as 2 x 2 tables. For comparing across groups (Doctors vs. Nurses), we used the Fisher Exact Test because expected cell frequencies were less than 5. For most survey items, the response frequencies for Doctors and Nurses were not significantly different and we combined the results. For comparing within groups across survey items (e.g. Question 1 vs. Question 2), we used the McNemar Test for dependent proportions. In Tables 2 -4 , when two rows have the same letter, they are not significantly different. For all statistical tests, a value of p < 0.05 was considered significant. All calculations were performed in the R software program, version 2.13.0.
Ethical permission
Ethical approval for this study was obtained from the Ethics Committee of the Lesotho Ministry of Health and the Research Ethics Committee of NorthWest University of South Africa (Permission Number 06K17), where the principal researcher compiled the report. Participating hospitals also granted permission to conduct the study.
Results
Descriptive profile of the respondents The questionnaires were completed and returned by the healthcare providers in the selected HSAs at the overall response rate of 76% (51 of 67). The baseline characteristics of these health professionals are presented in table 1. Most of the respondents were Medical doctors (77%) and practiced in an urban area (84%). A majority of respondents (59%) worked only in government health institutions, whereas respondents from only Christian Health Association (CHAL) constituted 29% and a small number (16%) worked in both government and CHAL hospitals. Over half (59%) of the respondents attended to patients in both outpatient and inpatient departments. Very few (4%) reported attending to patients only in inpatient departments. Most (61%) of the respondents had over 10 years of working experience, and a majority (65%) reported that they see and treat between 26 and 100 patients per day. compared to all other rows). However, only 32% said that they send a specimen for culture sensitivity testing and 17% said that they send a specimen for rapid microscopic identification and gram stain properties prior to beginning antibiotic treatment. Unavailability of antibiotic stocks at the hospital pharmacy is a common problem, with 53% of respondents indicating that it affects to a major degree their ability to treat infections. When the first choice antibiotic is not available, prescribers either direct patients to buy the first choice from a retail pharmacy (61%) or, more commonly, prescribe a second choice which is available (93%). Laboratory tests are under-used due to the delay in receiving results: 68% of doctors said that results either take more than 8 hours or are rarely received before the prescription is made. They also cited their high patient load as a common reason for not requesting laboratory confirmation prior to prescribing. Providers indicated a willingness to improve antibiotic prescribing. Nearly all respondents believe guidelines (94%) and refresher courses (88%) would be helpful. . For example, the bottom row (C) is not significantly different from the two rows immediately above it (also C).
Discussion
Our results identified patient and healthcare provider related factors that influence health service providers to prescribe antibiotics inappropriately. There is no consensus on the role of patient requests and expectations in antibiotic prescribing. For example, parents' expectation for antibiotics to be used in treating pediatric cold was a minor factor in antibiotic over-prescribing in Korea
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. Gaur and English also assert those patients' expectations for antibiotic treatments may not be a factor contributing to inappropriate antibiotic prescribing in developing as compared with developed countries 10 . However, other evidence suggests that patient demand has a strong influence on doctors' prescribing decisions 15, 16 . In our survey, only 3% of doctors said that they prescribed antibiotics to satisfy patients' requests or expectations. On the other hand, 33 -42% of nurses reported that they were influenced by patients' requests and expectations (p<0.05 compared to doctors).
We identified several other behaviors that are not optimal. For example, 51% stated that they are influenced to a major degree to prescribe antibiotics even if an infection has been ruled out, and 43% are influenced to a major degree to prescribe antibiotics even if the diagnosis is unclear (table 2). Unavailability of the desired antibiotic in the hospital pharmacy is also an important influence (53% to a major degree). Providers often recommend a second choice (93%) in this case.
Factors limiting healthcare providers' use of laboratory provided information in infection diagnosis Over one-third (40%) of respondents with microbiology laboratory facilities at their practice sites reported that they fail to request microscopic identification of bacterial pathogens to aid their choices of antibiotics in treating infections, and another 43% request microscopic identification only at times (table 4). Only 25% said that they always await laboratory results before prescribing (table 3) , similar to a study in Nepal where only 20% of antibiotic prescriptions were preceded by a culture test 17 . The results suggest a significant percentage of antibiotics being prescribed for infections not adequately diagnosed by laboratory assisted information. It also suggests the high likelihood of inappropriate choices of antibiotics being made for prescribing. Respondent workloads in terms of number of patients seen and treated daily (table 1) , as well as long time lags between requests for laboratory tests and the provision of results (68% greater than 8 hours or not at all), are the major reasons for the high rate of non-use of laboratory facilities.
Study limitations and strengths
The sample size of respondents to questionnaires is small. Coupled with some respondents' unwillingness to respond to certain questions, this compromised the statistical significance of some results. We analyzed combinations of variables not presented in the tables (e.g. work experience or patient workload vs. antibiotic prescription attitudes), but the number of statistically significant results was not greater than would be expected by chance at thealpha = 0.05 level. However, based on the high response rate and the fact that the investigation targeted all healthcare providers within the circumscribed study site, results of the study are generally representative of prevailing situations in these five Health Service Areas, which include 50% of the total hospital beds in Lesotho. Like all self-report surveys, our results are subject to accuracy and recall bias of the respondents. We sought to capture the prescribers' general attitudes and behavior rather than a snapshot. Further studies might refine our estimates by comparing responses to patient case files.
Implications of the results for policy, clinical practice or further research Our results highlight healthcare provider related factors that contribute to inappropriate antibiotic prescribing in Lesotho. Considering the large number of responses "sometimes" or "at times" to most survey items, there is potential for correct prescribing, though in practice, the providers encounter difficulties. We establish that healthcare providers tend to not use laboratory derived information in infection diagnosis and antibiotic treatments, which contributes to inappropriate antibiotic prescribing. We provide baseline information for policy formulation in addressing care providers' approach to antibiotic prescribing in clinical practice.
Conclusion
We show that healthcare providers in Lesotho public health institutions tend to prescribe antibiotics without adequately establishing the presence and characteristics of bacterial pathogens as aetiologies of treated clinical cases. Delays in receipt of laboratory results and the providers' high patient workload contribute to the under-utilization of laboratory facilities. Providers similarly reported prescribing antibiotics at times in cases of unsure diagnosis. Patients' request or demand for antibiotics and their expectations appear to influence nurses but not doctors. Fortunately, nearly all providers recognize that guidelines and refresher courses would be useful, similar to previous reports by physicians in Ghana 18 , in Scotland and France 19 , and in Chicago, USA 20 . These findings highlight the need for prescriber education on infection diagnosis and principles of antibiotic prescribing in order to reverse the practice of inadvertent antibiotic prescribing for purposes other than their indicated uses.
